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Objective: To clarify the characteristics of twistable pedunculated subserosal uterine leiomyomas.
Methods: A retrospective study was conducted of female subserosal uterine leiomyoma patients who
were treated by laparoscopic myomectomy at Showa University Hospital, Tokyo, Japan, between January
2011 and September 2015. The patients were classiﬁed according to their intraoperative ﬁndings. The
maximum diameter and volume of the subserosal uterine leiomyoma, and the length and thickness of
the peduncle were evaluated by magnetic resonance imaging, and torsion and nontorsion cases were
compared.
Results: A total of eight torsion cases and 20 nontorsion cases were analyzed. The average peduncle
length was signiﬁcantly higher in the torsion cases (18.7± 3.5 mm) than in the nontorsion cases
(9.0± 3.9 mm). The maximum diameter and volume of subserosal uterine leiomyoma and the thickness
of the peduncle did not differ between the groups. The length to thickness ratio (length to thickness
index) was more clearly associated with the torsion than the length of the peduncle or the ratio of the
maximum diameter of the leiomyoma to the length. Receiver operating characteristic curve analysis
showed that a length to thickness ratio of > 1.0 was associated with a higher detection rate, with an area
under the receiver operating characteristic curve of 0.95 (95% conﬁdence interval 0.86e1.00, p< 0.001).
Conclusions: In the preoperative period, the length of the peduncle was associated with the subsequent
occurrence of torsion in patients with subserosal uterine leiomyoma. The length to thickness index is
useful for predicting the torsion of a subserosal uterus leiomyoma.
Copyright © 2016, The Asia-Paciﬁc Association for Gynecologic Endoscopy and Minimally Invasive
Therapy. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Uterine leiomyoma is the most common gynecologic neoplasm.
Inmost cases, its diagnosis is easy and deﬁnitive. Cases with uterine
subserosal leiomyoma are usually asymptomatic. However, the
torsion of subserosal uterine leiomyoma may cause acute low
abdominal pain and intra-abdominal hemorrhage, and requires
emergency surgery. Torsion of the peduncle of a subserosal leio-
myoma ﬁrst interrupts the venous and then the arterial blood ﬂow,of interest in associationwith
cs and Gynecology, Showa
agawa-ku, Tokyo, 142-8666,
Miyamoto).
for Gynecologic Endoscopy and Minim
nses/by-nc-nd/4.0/).leading to the extravasation of blood and then to gangrene.1 In rare
cases, when nonspeciﬁc abdominal pain occurs, torsion may be
overlooked, leading to the degeneration of the leiomyoma and
adhesion to other structures. If we predict the torsion of subserosal
uterus leiomyoma, we can recommend an operation before clinical
manifestations appear.
Since torsion rarely occurs in patients with subserosal uterine
leiomyoma, preoperative diagnosis is difﬁcult. The literature in-
cludes only a small number of case reports,2e4 and no reports that
include the detailed characteristics of subserosal uterine leio-
myoma in which the peduncle can easily be twisted. We hypoth-
esized that pedunculated subserosal uterine leiomyomas in which
the leiomyoma is large or in which the peduncle is long and thin
would be easily twisted.
The purpose of the present study was to clarify the character-
istics of subserosal uterine leiomyoma with a twistable peduncle.ally Invasive Therapy. Published by Elsevier Taiwan LLC. This is an open access article under
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A retrospective study was conducted of female subserosal
uterine leiomyoma patients who were treated by laparoscopic
myomectomy at Showa University Hospital, Tokyo, Japan, between
January 2011 and September 2015. All patients provided written
consent for research purposes after the completion of the clinical
procedures. This study was approved by the ethics committee of
Showa University Hospital.
The patients were classiﬁed according to the conﬁrmation of
torsion during surgery. The diagnosis of torsion was peduncle
twisted by > 360. The diagnosis of a pedunculated subserosal
uterine leiomyoma was made based on the intraoperative video
ﬁndings and the observation of the beak sign and the bridging
vascular sign on magnetic resonance imaging (MRI).5,6 The data
that were collected included patient demographics, physical and
clinical characteristics, and preoperative MRI ﬁndings before tor-
sion. The MRI ﬁndings included the maximum diameter (cm) and
volume (cm3) of the leiomyoma, and the length (mm) and thickness
(mm) of the peduncle. The maximum diameter adopted the
maximum diameter in three orthogonal cross sections. The length
of the peduncle was measured between the subserosal leiomyoma
and the uterus, and the thickness of the peduncle was measured in
the middle of the peduncle (Figure 1). These measurements were
performed by a radiologist and a gynecologist.
Pairwise comparisons were made between the torsion and the
nontorsion groups in terms of patient age, height, weight, primi-
gravida status, nulliparous status, gonadotropin-releasing hormone
agonist use, and the MRI ﬁndings. Student t test was used in the
comparison between the two groups, and the Chi-square test was
used to compare distribution. Receiver operating characteristicFigure 1. The measurement of the length and thickness of the peduncle (red, length; green
axial section.(ROC) curves were calculated to analyze area under the curve (AUC)
values of the predictors of torsion in cases of pedunculated sub-
serosal uterine leiomyoma. All of the statistical analyses were
performed using the SPSS software program (ver. 20.0; IBM Co.,
Armonk, NY, USA). A p value of < 0.05 was considered to indicate
statistical signiﬁcance.
Results
A total of 28 women with pedunculated subserosal uterine
leiomyoma who underwent laparoscopic myomectomy were
included in this retrospective study. Torsion was observed in eight
patients during surgery, the other 20 patients without torsionwere
classiﬁed into the nontorsion (control) group.
The demographics are summarized inTable 1. The patients in the
torsion group were signiﬁcantly older than those in the nontorsion
group (p ¼ 0.032). The rate of primigravida was signiﬁcantly higher
in the torsion group than in the nontorsion group (p¼ 0.011).
The comparison of the MRI ﬁndings is shown in Table 2. The
average of length of the peduncle was signiﬁcantly longer in the
torsion group than in the nontorsion group (p< 0.001). There were
no differences in the maximum diameter or the volume of the
subserosal uterine leiomyoma and the thickness of the peduncle.
In ROC curve analysis, a length to thickness ratio (length thick-
ness index) of >10 mm showed 80% sensitivity, 100% speciﬁcity,
100% positive predictive value (PPV), 90% negative predictive value
(NPV), and 92% accuracy with an AUC of 0.95 [95% conﬁdence in-
terval (CI)¼ 0.86e1.00] (Figure 3). The other components were
determined as follows: a length of  10 mm showed 100% sensi-
tivity, 70% speciﬁcity, 57% PPV,100% NPV, and 78% accuracy with an
AUC of 0.85 (95% CI¼ 0.71e0.99); and a length of  15 mm showed, thickness). A; Sagital section, B; Enlarged sagital section, C; Axial section, D; Enlarged
Figure 2. (A) The length of the peduncle in torsion and nontorsion cases. (B) The receiver operating characteristic curve for the prediction of torsion by the length of the peduncle
(green,  10 mm; blue,  15 mm).
Table 1
The demographic characteristics of the patients stratiﬁed by the clinical classiﬁca-
tion of subserosal uterine leiomyoma.
Characteristics Clinical classiﬁcation p
Torsion (n¼ 8) Nontorsion (n¼ 20)
Age (y) 47± 8 39± 5 0.004
Height (cm) 157.9± 3.4 159.9± 5.4 0.364
Weight (kg) 56.9± 12.2 56.1± 9.0 0.863
Primigravidas 75.0% (6) 20.0% (4) 0.011*
Nulliparous 37.5% (3) 10.0% (2) 0.123
GnRH agonist rates 37.5% (3) 10.0% (2) 0.123
The data indicate the mean± standard deviation.
* p< 0.05 between the two groups.
GnRH¼ gonadotropin-releasing hormone.
Table 2
The predictive factor stratiﬁed by the clinical classiﬁcation of subserosal uterine
leiomyoma by magnetic resonance imaging.
Predictive factor Clinical classiﬁcation p
Torsion (n¼ 8) Nontorsion (n¼ 20)
Maximum diameter (cm) 107 ± 41 80 ± 31 0.067
Volume (cm3) 863 ± 631 394 ± 370 0.081
Length (mm) 18.7 ± 3.5 9.0 ± 3.9 0.001*
Thickness (mm) 12.5 ± 4.5 15.8 ± 5.6 0.157
Length to thickness 1.64 ± 0.54 0.68 ± 0.59 0.001 *
The data indicate the mean± standard deviation.
* p< 0.05 between the two groups.
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with an AUC of 0.85 (95% CI¼ 0.65e1.00) (Figure 2).
Discussion
This is the ﬁrst clinical study to clarify the characteristics of
pedunculated subserosal uterine leiomyomas that have a tendency
to twist. We found that the length of the peduncle was associated
with the occurrence of torsion in uterine subserosal leiomyomas.
Torsion may occur more easily in cases in which the length to
thickness ratio is >1.0.Previous reports indicated that in cases of subserosal uterine
leiomyoma, the size of the leiomyoma7 and atrophy of the peduncle
and the body of the leiomyoma after menopause8 might cause the
torsion. Murao9 surmised that torsion in pedunculated leiomyomas
was associated with the size and mobility of the leiomyoma, the
length of the peduncle, the strength, and amore external condition.
In the present study, we revealed that the length of the peduncle
was associated with torsion in patients with subserosal uterine
leiomyoma. Our present results indicate that atrophy before
menopause and degeneration due to pregnancy might cause the
torsion.
Next, torsion might easily occur in subserosal uterine leio-
myoma cases with a length to thickness ratio of > 1.0. Murao10
reported that the length of the peduncle after torsion was
20 mm. As the peduncle was stretched due to torsion, the length of
the peduncle might have been < 20 mm prior to torsion. In the ROC
curve of our study, a 10e15-mm peduncle was a predictor of tor-
sion. In addition, we found that the length to thickness ratio was a
signiﬁcant predictive factor, with a better AUC value than a length
of above 10mmand 15mm. To our knowledge, this is the ﬁrst study
to report the length to thickness ratio in patients with subserosal
uterine leiomyoma.
The occurrence of torsion in gynecologic tumors, especially
ovarian tumors, has already been reported. In benign ovarian tu-
mors (other than endometriotic cysts), torsion occurs irrespective
of the histological type. Ovarian tumors that are easy to rotate have
a diameter of 5e15 cm.11 In the preoperative diagnosis, ultrasound
(US) or MRI are used to differentiate pedunculated subserosal
leiomyoma from extrauterine tumors.6 In comparison with pelvic
MRI, color Doppler US has an advantage in that it shows arterial or
venous blood ﬂow signals between or across the uterus and the
subserosal leiomyoma.12 US cannot delineate torsion of the leio-
myoma if the peduncle is too thin. MRI is considered to be the best
diagnostic modality when US is inconclusive.13 We therefore
considered that MRI was more useful for the measurement of the
peduncle and the leiomyoma than color Doppler US.
The present study is associated with two possible limitations.
First, this was a retrospective study, which was performed at a
Figure 3. (A) The length to thickness ratio in the torsion and nontorsion cases. (B) The receiver operating characteristic curve for the prediction of torsion by the length to thickness
ratio (> 1.0).
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peduncle might be difﬁcult in patients with multiple leiomyoma.
In conclusion, we found that the length of the peduncle, as
evaluated by MRI, was associated with the occurrence of torsion in
cases of subserosal uterine leiomyoma. The length to thickness ratio
was useful for predicting the torsion of subserosal uterus leio-
myoma. This study provides new and important information about
the necessity of surgery in subserosal uterine leiomyoma patients
in whom torsion is predicted.
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